The glycemic control in diabetes is well known to arouse a medical risk of macrovascular regions. This study aimed for exploring the relationship between carotid artery intima media thickness (IMT) and the risk triggers of macrovascular diseases in the group of glycated hemoglobin value less than 6.5%. Methods: The subjects were made of 336 health-check examinees in a university hospital and tested by glycated hemoglobin (HbA1c) including ultrasound application on carotid artery IMT to be measured. The relationship between values of HbA1c and carotid artery IMT was reviewed by use of Pearson's correlation, and then influential causes on the carotid artery IMT were analyzed with multiple linear regression models. Results: Elements like age and fasting plasma glucose were associated with the carotid artery IMT in both men and women. HbA1c, C-reactive protein (CRP) in men and waist to hip ratio (WHR), high-density lipoprotein (HDL)-cholesterol in women showed statistically significant association with the carotid artery IMT. Age and HbA1c were recognized as variables affecting on the carotid artery IMT in men, in contrast, age was only a significant affecting factor in women with regarding various considerations such as fasting plasma glucose, CRP, HDL, WHR and smoking. Conclusions: Our clinical investigation revealed that HbA1c was associated with the carotid artery IMT in normal and pre-diabetes with HbA1c less than 6.5%. The outcome might suggest preliminary glucose control be monitored and managed in order to detect and regulate the impairment of macrovascular diseases prior to the occurrence of diabetes. Korean J Health Promot 2015;15(2):47-53
INTRODUCTION
It is very important to detect diabetes mellitus in its early stage in order to prevent vascular complications which influence possibly on various arterial complications attributed by diabetes to increase the percentage of mortality. This metastasis is quite common cases to be found with chronic advanced inflammatory vessels when the patient is diagnosed as a diabetes mellitus. 1) Moreover, as depending on the maintenance of the blood glucose level, the risk of cardiovascular malfunction could be also enhanced in spite of the blood glucose level in diabetes patients as well as primitive diabetes with normal range of blood glucose. 2, 3) Therefore, the usual condition of the blood glucose could elicit adverse effects on macrovascular sicknesses despite of non-diabetes, especially, impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) which are prior state of progression into the diabetes are recognized as obvious risk factors of cardiovascular disease. 4, 5) In the observation upon carotid artery intima media thickness (IMT) and IGT, IGT was present at a significant risk element of cardiovascular disorders, 6) in contrast, IFG could not increase the thickness of intima media of blood vessel, 7) but IFG combined with IGT could cause arteriosclerotic changes of carotid artery. 8) As the blood test of HbA1c is becoming an accurate and standardized method, International Expert Committee such as American Diabetes Association (ADA), European Association for the Study of Diabetes and International Diabetes Federation suggested that HbA1c over 6.5% could be an absolute indication for the diagnosis of diabetes. [9] [10] [11] Both ADA and Korean Diabetes Association are choosing the indication of HbA1c to confirm diabetes and pre-diabetes which is an initiative stage ongoing of genuine diabetes. 12) In addition, HbA1c is a useful measurement for estimating prognosis and predicting advancement of macrovascular complications in asymptomatic and symptomatic diabetes patients. 13) It is also one of important indicator to estimate the usual blood glucose status. The thickness of intima media of carotid artery investigated by the ultrasound is corresponding to the actual thickness of the layer, 14, 15) which is closely proven to be related with cardiovascular and cerebrovascular maladies in terms of various kinds of studies. [16] [17] [18] Recent research on the macrovascular complication of diabetes is being accomplished by device uses like ultrasound equipment. The early discovery of this progressing change on arterial wall-thickening among non-patients by categorizing various considerations affecting on the modification of wall thickness such as age, hypertension, obesity, cholesterol, and cigarette smoking, which should be further surveyed prior to the medical decision about diabetes in male and female.
In this study, the following hypothesis was clinically attempted to test among individual subjects below 6.5% HbA1c: HbA1c related carotid artery wall changes involve both intima medial thickness on each of male and female ones.
METHODS

Subjects
Our clinical research began to accumulate the medical records of health examinees in a health promotion center of the University hospital. It consists of women and men (age 30-70 yr) who had no medical history of diabetes mellitus, cardiovascular and cerebrovascular diseases at baseline.
The examination was completed from Jan 2010 to Jun 2012 with a total of 336 subjects (men, n=225; women, n=111) met by this criteria including the written informed consent, and they got involved to have IMT components (echogenic and echolucent layer) measures during health check-up.
Measurement
Smoking status, history of diabetes, hypertension, cardiovascular disease and dyslipidemia were sought by the interview and self-report through the questionnaire including the history of medication in all participants. Fasting plasma glucose, HbA1c, C-reactive protein and lipid profile such as total cholesterol, high-density lipoprotein (HDL)cholesterol, low-density lipoprotein (LDL)-cholesterol and triglyceride (TG) were counted by the blood test while doing health examination. In addition, body mass index (BMI: kg/m 2 ) and Waist to Hip Ratio (WHR) were assessed according to the World Health Organisation's data gathering protocol, 19) which was figured by the waist circumference to be measured at the midpoint between the lower margin of the last palpable rib and the top of the iliac crest, using a stretch-resistant tape that provides a constant 100 g tension and hip circumference for being measured around the widest portion of the buttocks, with the tape parallel to the floor.
The maximum intima medial thickness of common carotid artery and blood pressure were done by the ultrasound and automatic blood pressure monitor sphygmomanometer P-203RV II R (Colin cooperation).
The criterion of hypertension was applied to the systolic pressure over 140 mmHg or diastolic pressure over 90 mmHg and previously reported hypertension containing the medication of anti-hypertensive drug. Diabetes confirmation was made of the result of HbA1c over 6.5%, fasting plasma glucose (FPG) over 126 mg/dL, and current anti-diabetic medication or insulin injection as well as pre- Prediabetes called a high risk group of diabetes is considered when it comes to 5.7 to 6.4% HbA1c. 12) As the study of Salonen and Salonen, 20) common carotid artery IMT was verified as being abnormal with IMT measurement over 1.00 mm. Lipid profile was adopted to the criteria of Adult Treatment Pannel III.
Statistic analysis
The In both male and female, FPG, IMT, BMI, and HbA1c
were common distinctive factors between high risk and normal group of HbA1c (Table 1) . 
The comparison on relationship and influence between each variables and carotid artery IMT
In male, age, HbA1c, FPG, and CRP presented the co-link to carotid IMT, in contrast, female subjects found that age, FPG, WHR, and HDL were influential elements on carotid IMT. Age and FPG were taken into account the common feature with artery thickness in both. HbA1c
and CRP were to be related variables with artery thickness in men, while WHR and HDL were the prime components to stimulate the arterial thickness in women (Table 3 ).
The major affecting factors on intima media thickness of carotid artery
Age was seen to be the most powerful source to increase the thickness in comparison with others like HbA1c, FPG, CRP, WHR and smoking in non-diabetic male subjects. In addition, HbA1c was accounted for another affective source.
Reversely, age was solely related to contribute to intima media thickness in women, as being considered with HbA1c, HDL, WHR, FPG, smoking and CRP in normal and prediabetes. HbA1c was the only appreciable key-point to modify the wall thickness before diabetes occur (Table 4 ). HbA1c is a diagnostic index of diabetes and estimator of blood glucose status. In U.K. Prospective Diabetes Study 22) and Finnish studies, 23) type 2 diabetes mellitus was shown to be closely linked to cardiovascular inflammatory growth.
DISCUSSION
The lower HbA1c was likely to be related to a slower development of arthrosclerosis and less microangiopathy on carotid artery IMT in type 1 diabetes mellitus in the study of Jensen-Urstad et al. 24) However, the clinical statement of Hanefeld et al 8) and
Kim et al 7) presented that HbA1c was not associated with every multiple vascular diseases. In the study of Cho et al 25) correlation between carotid artery IMT and atherosclerotic risks exists significant in even non-diabetes subjects.
As can be seen above research, it has been controversial to assume the risk of vascular disease prior to thickening of blood vessels in non-diabetic individuals.
Carotid artery IMT by ultrasonography is useful in diagnosing atherosclerosis and predicting of progression of cerebro-cardiovascular complications. Ultrasonography, as a screening test without harmful radiation, is the safest one and maintains non-invasive procedures to detect sub-millimeter changes of arteries. 26, 27) It is preferable to clarify increased arterial wall thickness or non-occlusive atherosclerotic plaque rather than internal luminal narrowing of blood vessel in order to tackle vascular accidents. 28) The latest study found that type 2 diabetes mellitus (T2DM) men had higher carotid intima medial thickness (CIMT) than T2DM women, especially in those with age ≥ 69 years. Age was the main risk factors of CIMT in both genders. However, the impact of ageing on CIMT progression only existed in male patients. 29 
